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saying, or thinking, that there is no such thing 
as Moral and Political Science, or that no 
method can be suggested for its promotion; 
but I think that by attempting at present to 
include the Moral Sciences in the same for- 
mulae with the Physical, we open far more 
controversies than we close ; and that in the 
moral as in the physical sciences, the first 
step towards shewing how truth is to be dis- 
covered, is to study some portion of it which 
is assented to so as to be beyond controversy. 

4 Confining myself, then, to the material 
sciences, I shall proceed to offer my remarks 
on Induction with especial reference to Mr 
Mill's work. And in order that we may, as 
I have said, proceed as intelligibly as possible, 
let us begin by considering what we mean by 
Induction^ as a mode of obtaining truth ; and 
let us note whether there is any difibrence 
between Mr Mill and me on this subject. 

" For the purposes of the present inquiry," 
Mr Mill says (i. 847*), "Induction may be de- 
fined the operation of discovering and forming 
general propositions :" meaning, as appears by 
the context, the discovery of them from par- 
ticular facts. He elsewhfere (i. 370) terms it 
** generalization from experience :" and again 

* My reJEerences are thronghout (except when otherwise 
expressed) to the volume and the page of Mr. Mills fint 
edition of his Logic 



^ he speaks of it with greater precision as the 
^ inference of a more general proposition from 
m ^^^ general ones. 

tt 5 Now to these definitions and descrip- 
tor, tions I assent as far as they go ; though, as 
ofe I shall have to remark, they appear to me to 
thi leave unnoticed a feature which is very im- 
^rs portant, and which occurs in all cases of 
ijg. Induction, so far as we are concerned with it. 
iQ^ Science, then, consists of general propositions, i 
-§;^ inferred from particular facts, or from less/ 
-ij general propositions, by Induction ; and it isl 
^y our object to discern the nature and laws of 
;3^j. Induction in this sense. That the propositions 
^ are general, or are more general than the 
^j^ tajcts from which they are inferred, is an indis- 
Yf pensable part of the notion of Induction, and 
i^jil is essential to any discussion of the process, 
^^ as the mode of arriving at Science, that is, at 

a body of general truths. 
.^ 6 I am obliged therefore to dissent from 
^ Mr Mill when he includes, in his notion of 
l^ Induction, the process by which we arrive at 
^ individual facts from other facts of the same 
^^ order of particularity. 

Such inference is, at any rate, not Induc- 
tion alone; if it be Induction at all, it is In- 
duction applied to an example. 
^ For instance, it is a general law, obtained 
hy Induction from particular facts, that a body 
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falling vertically downwards from rest, d» 
scribes spaces proportional to the squares • 
the tunes. But that a particular body wi 
fall through 16 feet in one second and 64 fe< 
in two seconds, is not an induction simply, 
is a result obtained by applymg the inductr 
law to a particular case. 

But fiuther, such a process is often w 
induction at all. That a ball striking anothi 
ball directly will communicate to it as mu( 
momentum as the striking ball itself loses, 
a law established by induction : but if, fro 
habit or practical skill, I make one billiar 
ball strike another, so as to produce the vel 
city which I wish, without knowing or thinkii 
of the general law, the term Induction cann 
then be rightly applied. If I know the Ic 
and act upon it, I have in my mind both i 
general induction and its particular appli( 
tion. But if I act by the ordinary billiai 
player's skill, without thinking of momenti 
or law, there is no Induction in the case. 

7 This distinction becomes of impo 
ance, in reference to Mr Mill's doctrine, I 
cause he has extended his use of the tei 
Induction, not only to the cases in which t 
general induction is consciously applied to 
particular instance ; but to the cases in whi 
the particular instance is dealt with by mea 
of experience, in that rude sense in which < 
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perience can be asserted of brutes; and in 
^i^hich, of course, we can in no way imagine 
"that the law is possessed or understood, as a 
general proposition. He has thus, as I con- 
ceive, overlooked the broad and essential dif- 
ference between speculative knowledge and 
practical action ; and has introduced cases 
-which are quite foreign to the idea of science, 
alongside with cases from which we may hope 
to obtain some views of the nature of science 
and the processes by which it must be formed. 

8 Thus (ii. 232) he says, " This inference 
of one particular fact from another is a case 
of induction. It is of this sort of induction 
that brutes are capable." And to the same 
purpose he had previously said, (i. 251) *' He 
[the burnt child who shuns the fire] is not 
generalizing : he is inferring a particular from 
particulars. In the same way also, brutes reason 
...not only the biurnt child, but the burnt dog, 
dreads the fire." 

9 This confusion, (for such it seems to 
me,) of knowledge with practical tendencies, 
is expressed more in detail in other places. 
Thus he says (i. 118) " I cannot dig the ground 
unless I have an idea of the ground and of a 
spade, and of all the other things I am operat- 
ing upon." 

10 This appears to me to be a use of words 
which can only tend to confuse our idea of 
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knowledge by obliterating all that is distinctive n 
in human knowledge. It seems to me quite 
false to say that I cannot dig the ground, \ 
~ . unless I have an idea of the ground and of my 
spade. Are we to say that we cannot walk n 
the ground, except we have an idea of the i 
ground, and of our feet, and of our shoes, and e 
^ J of the muscles of our legs? Are we to say n 
: that a mole cannot dig the ground, except he 
^ has an idea of the ground and of the snout 
and paws with which he digs it ? Are we to 
say that a pholas cannot perforate a rock, ex- 
cept he have an idea of the rock, and of the 
^^ acid with which he corrodes it ? 

11 This appears to me, as I have said, 
to be a line of speculation which can lead 
to nothing but cotifusion. The knowledge 
concerning which I wish to inquire is human 
knowledge. And in order that I may have 
any chance of success in the inquiry, I find it 
necessary to single out that kind of knowledge 
which is especially and distinctively human. 
Hence, I pass by, in this part of my inves« 
tigation, all the knowledge, if it is to be so 
called, which man has in no other way than 
y brutes have it; — all that merely shews itself 
in action. For though action may be modi- 
fied by habit, and habit by experience, in 
animals as well as in men, such experience, 
80 long as it retains that merely practical 
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>rm, is no part of the materials of science. 
Lnowledge in a general form, is alone know- 
idge for that purpose; and to that^ therefore, 

must confine my attention; at least till I 
ave made some progress in ascertaining its 
ature and laws, and am thus prepared to 
ompare such knowledge, — human knowledge 
roperly so called, — with mere animal ten- 
ancies to action ; or even with practical skill 
'hich does not include, as for the most part 
ractical skill does not include, speculative 
nowledge. 

12 And thus, I accept Mr Mill's definition 
f Induction only in its first and largest form ; 
dd reject, as useless and mischievous for our 
iirposes, his extension of the term to the 
ractical influence which experience of one 
<jt exercises upon a creature dealing with 
milar facts. Such influence cannot be re- 
Jved into ideas and induction, without, as I 
mceive, making all our subsequent investiga- 
on vague and heterogeneous, indefinite and 
conclusive. If we must speak of animals as 
%ming from experience, we may at least ab- 
ain from applying to them terms which imply 
lat they learn, in the same way in which men 
am astronomy from the stars, and chemistry/ 
cm the efiects of mixture and heat. And 
le same may be said of the language which 

to be used concerning what men learn, when 
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their learning merely shews itself in aeti< 
and does not exist as a general thought. . 
^ ducHon must not be applied to such cas 
Induction must be confined to cases in whi 
we have in owe minds general propositions, 
order that the sciences, which are our nw 
instructive examples of the process we have 
consider, may be, in any definite and pro{ 
sense, Inductive Sciences. 

13 Perhaps some persons may be 
clined to say that this difference of opinio 
as to the extent of meaning which is to 
given to the term Indtiction, is a questi 
merely of words ; a matter of definition or 
This is a mode in which men in our ti 
often seem inclined to dispose of philosophi 
questions ; thus evading the task of form 
an opinion upon such questions, while tl 
retain the air of looking at the subject froi 
more comprehensive point of view. But b 
have elsewhere said, such questions of del 
tion are never questions of definition men 
A proposition is always implied along with 
definition; and the truth of the proposit 
depends upon the settlement of the definiti 
This is the case in the present instance, 
are speaking of Indtustiony and we mean t 
kind of Induction by which the sciences now 
isting among men have been constructed* 
this account it is, that we cannot include. 
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le meaning of the term^ mere practical ten- 
sneies or practical habits ; for science is not ^ 
instructed of these. No accumulation of 
lese would make up any of the acknowledged 
3iences. The elements of such sciences are 
omething of a kind different from practical 
abits. The elements of such sciences are 
rinciples which we know; truths which can 
»e contemplated as being true. Practical 
tabitSy practical skill, instincts and the like 
ppear in action, and in action only. Such 
indowments or acquirements shew themselves/ 
rhen the occasion for action arrives, and then, I 
hew themselves in the act; without being! 
►ut, or being capable of being put, in the. 
orm of truths contemplated by the intellect. [J 
Jut the elem ents and materials of Science 
re <Secessary^ truths contemplated by th e in- ^^ 
dlect. It is by consisting of such elements 
nd such materials, that Science is Science. 
Fence a use of the term Induction which re- 
oires us to obliterate this distinction, must 
lake it impossible for us to arrive at any 
onsistent and intelligible view of the nature of 
cience, and of the mental process by which 
ciences come into being. We must, for the 
urpose which Mr Mill and I have in common, 
etain his larger and more philosophical de- 
inition of Induction, that it is the inference of 
p more general proposition from less general 
mes. 
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14 Perhaps, again, some persons may s 
that practical skill and practical experiei 
lead to science, and may therefore be incluc 
in the term Induction, which describes i 
formation of science. But to this we rep 
that these things lead to science as occasic 
only, and do not form part of science; a 
that science begins then only when we look 
the facts in a general point of view. T 
distinction is essential to the philosophy 
science. The rope-dancer may, by his p 
formances, suggest, to himself or to othe 
properties of the center of gravity ; but i 
is so, because man has a tendency to spei 
late and to think of general truths, as well 
a tendency to dance on a rope on spec 
occasions, and to acquire skill in such danci 
by practice. The rope-dancer does not dai 
by Induction, any more than the dancing i 
does. To apply the terms Science and Ind 
tion to such cases, carries us into the regit 
of metaphor; as when we call birds of p 
sage '* wise meteorologists," or the bee "a 
tural chemist, who turns the flower-dust ii 
honey." This is very well in poetry : but 
our purposes we must avoid recognizing th 
cases as really belonging to the sciences 
meteorology and chemistry, — as really ca 
of Induction. Induction for us is gene 
propositions, contemplated as svch, derived fr 
particulars. 
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Science may result fT(m, experience and 
bservation fey Induction; but Induction is 
ot therefore the same thing as experience 
ad observation. Inducti on is expe ri^pnft ^f 
bservatio n nnpjini.nu^ ly looked at in a general 
3rm. J ilns consciousness and generality are 
ecessary parts of that knowledge which is 
cience. And accordingly, on the other hand, 
dence cannot result from mere Instinct, as 
listinguished from Eeason; because Instinct 
>y its nature is not conscious and general, but 
operates blindly and unconsciously in parti- 
ular cases, the actor not seeing nor thinking 
>f the rule which he obeys. 

15 A little further on I shall endeavour 
o shew that not only a general thought, but a 
:eneral ward or phrase is a requisite element 
Q Induction. This doctrine, of course, still 
lore decidedly excludes the case of animals, 
nd of mere practical knowledge in man. A 

dreads the fire; but rea son must 
le^nfolded^ before the child l earns ta,uD£Lfir.'^^- 

tAnA tV^P. wnrfia »^ tirft wi^l hurt, yon." The 

lumt dog never thus learns to understand ' 
rords. And this difference points to an en- 
irely different state of thought in the two 
ases: or rather, to a difference between a 
fcate of rational thought on the one hand, and 
f mere practical instinct on the other, 

16 Besides this difference of speculative 
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thought and practical instinct which thus ar^ 
as appears to me, confounded in Mr Milt 
philosophy, in such a way as tends to destrq 
all coherent views Of human knowledge, thei 
is another set of cases to which Mr Mill applk 
the term IndiLction, and to which it appears t 
me to be altogether inapplicable. He emplo) 
it to describe the mode in which superstitioQ 
men, in ignorant ages, were led to the opinioi 
that striking natural events presaged or m 
companied calamities. Thus he says (i. S8S 
" The opinion so long prevalent that a conM 
or any other unusual appearance in A 
heavenly regions was the precursor of cah 
mities to mankind, or at least to those wb 
witnessed it; the belief in the oracles I 
Delphi and Dodona ; the reliance on astrologi 
or on the weather-prophecies in almanacsj 
were doubtless inductions supposed to b^ 
grounded on experience;'^ and he speaks l| 
these insufficient inductions being extinguishei 
by the stronger inductions subsequently oh 
tained by scientific inquiry. And in like mav 
ner, he says in another place (i. S67) " Let i 
now compare different predictions: the fini 
that eclipses will occur whenever one planl 
or satellite is so situated as to cast its shadow 
upon another : the second, that they will occa 
whenever some great calamity is impendiii| 
over mankind," 
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17 Now I cannot see how anything but 
>nfusion can arise from applying the term In- 
%ction to superstitious fancies like those here 
entioned. They are not imperfect truths, 
it entire falsehoods. Of that, Mr Mill and 
are agreed: how then can they exemplify 
le progress towards truth? They were not 
>llected from the facts by seeking a law of 
leir occurrence ; but were suggested by an 
lagination of the anger of superior powers 
lewn by such deviations from the ordinary 
)urse of nature. If we are to speak of in- 
ictiona to any purpose, they must be such 
ductions as represent the facts, in some 
jgree at least. It is not meant, I presume, 
lat these opinions are in any degree true : to 
hat purpose then are they adduced ? If I 
ere' to hold that my dreams predict or conform 
> the motions of the stars or of the clouds, 
Duld this be an induction ? It would be so, 
\ much one as those here so denominated: 
\i what but confusion could arise from class- 
g it among scientific truths ? Mr Mill him- 
If has explained (ii. 389) the way in which 
;ch delusions as the prophecies of almanac- 
akers, and the like, obtain credence ; namely, 
' the greater eflFect which the positive in- *" 
mces produce on ordinary minds in com- 
rison of the negative, when the rule has 
ce taken possession of their thoughts. And 
2 
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this being, as he says, the recognized ei 
planation of such eases, why should we u 
leave them to their due place, and not cw 
found and perplex the whole of our invesli 
gation by elevating them to the rank of "h 
ductions?" The very condemnation of sud 
opinions is that they are not at all inductini 
When we have made any progress in d 
investigation of the nature of science, to il 
tempt to drive us back to the wearisoi 
discussion of such elementary points as the«( 
is to make progress hopeless. 

18 In the cases hitherto noticed, II 
Mill extends the term Induction, as I thW 
too widely, and applies it to cases to which! 
is not rightly applicable. I have now to noft 
a case of an opposite kind, in which he doi 
not apply it where I do, and condemns < 
for using it in such a case. I had spoken^ 
Kepler's discovery of the Law, that the pland 
move round the sun in ellipses, as an exam^ 
of Induction. The separate facts of ^ 
planet (Mars, for instance,) being in certd 
places at certain times, are all included! 
the general proposition which Kepler J 
covered, that Mars describes an ellipse rfi 
certain form and position. This appears! 
me a very simple but a very distinct exand 
of the operation of discovering general p\ 
positions ; general, that is, with reference I 
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articular facts ; which operation Mr Mill, as 
rell as myself, says is Induction. But Mr Mill 
Lenies this operation in this case to be In- 
luction at all (i. 357). I should not have been 
)repared for this denial by the previous parts 
>f Mr IVIill's book, for he had said just before 
L 350), " Such facts as the magnitudes of the 
bodies of the solar system, their distances 
from each other, the figure of the earth and 
its rotation ... are proved indirectly, by the 
aid of inductions founded on other facts 
which we can more easily reach." If the 
Bgure of the earth and its rotation are proved 
by Induction, it seems very strange, and is to 
me quite incomprehensible, how the figure of 
the earth's orbit and its revolution (and of 
course, of the figure of Mars's orbit and his 
revolution in like manner,) are not also proved 
by Induction. No, says Mr Mill, Kepler, in 
putting together a number of places of the 
planet into one figure, only performed an 
act of description. "This descriptive opera-\^ 
tion," he adds (i. 359), " IMr Whewell, by an 
aptly chosen expression, has termed Colligation 
of Facts." He goes on to commend my ob- 
servations concerning this process, but says 
that, according to the old and received mean- 
ing of the term, it is not Induction at all. 

19 Now I have already shewn that Mr 
Mill himself, a few pages earlier, had applied 

2—2 
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the term Induction to cases undistinguishable 
from this in any essential circumstance. And 
even in this case, he allows that Kepler did 
really perform an act of Induction (i. S5%\ 
" namely, in concluding that, because the ob- 
served places of Mars were correctly repre- 
sented by points in an imaginary ellipse, 
therefore Mars would continue to revolve in 
that same ellipse ; and even in concluding thai 
the position of the planet during the time 
which had intervened between the two obse^ 
vations n^ust have coincided with the inte^ 
mediate points of the curve." Of course, in 
Kepler's Induction, of which I speak, I include 
all this ; all this is included in speaking of the 
(yrhit of Mars : a continuous line, a periodical 
motion, are implied in the term orbit. I am 
unable to see what would remain of Kepler's 
discovery, if we take from it these conditions. 
It would not only not be an induction, but it 
would not be a description, for it would not 
recognise that Mars moved in an orbit. Are 
particular positions to be conceived as points 
in a curve, without thinking of the interme- 
diate positions as belonging to the same curve! 
If so, there is no law at all, and the facii 
are not bound together by any intelligible 
tie. 

In another place (ii. 209) Mr Mill retumf 
to his distinction of Description and Inductionr 
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ut without throwing any additional light upon 
:, so far as I can see. 

20 The only meaning which I can disco- 
er in this attempted distinction of Description 
md Induction is, that when particular facts 
ire bound together by their relation in space^ 
VLc Mill calls the discovery of the connection 
Description, but when they are connected by 
)ther general relations, as time, cause and the 
ike, Mr Mill terms the discovery of the con- 
lection Induction. And this way of making 
I distinction, would fall in with the doctrine of 
)ther parts of Mr Mill's book, in which he 
Lscribes very peculiar attributes to space and 
ts relations, in comparison with other Ideas, 
as I should call them). But I cannot see any 
^ound for this distinction, of connection 
<*cording to space and other connections of 
acts. 

To stand upon such a distinction, appears 
o me to be the way to miss the general laws 
»f the formation of science. For example: 
rhe ancients discovered that the planets re- 
olved in recurring periods, and thus connected 
he observations of their motions according to 
he Idea of Time. Kepler discovered that they 
•evolved in ellipses, and thus connected the 
observations according to the Idea of Space. 
Jewton discovered that they revolved in virtue 
vf the Sun's attraction, and thus connected the 
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motions according to the Idea of Force. The 
first and third of these discoveries are recog- 
nised on all hands as processes of Induction. 
Why is the second to be called by a different 
name ? or what but confusion and perplexity 
can arise from refusing to class it with the 
other two ? It is, you say, Description. But 
such Description is a kind of Induction, and 
must be spoken of as Induction, if we are 
to speak of Induction as the process by which 
Science is formed : for the three steps are all, 
the second in the same sense as the first and 
third, in co-ordination with them, steps in the 
formation of astronomical science. 

21 But, says Mr Mill, (i. S6s) "it iss 
fact surely that the planet does describe aa 
ellipse, and a fact which we could see if we had 
adequate visual organs and a suitable posi- 
tion." To this I should reply: " Let it be sO; 
and it is a fact, surely, that the planet doci 
move periodically : it is a fact, surely, that the 
planet is attracted by the sun. Still, therefore^ 
the asserted distinction fails to find a ground'^ 
Perhaps Mr Mill would remind us that the 
elliptical form of the orbit is a fact which ^ 
could see if we had adequate visual organB 
and a suitable position : but that force is i 
thing which we cannot see. But this distino- 
tion also will not bear handling. Can we not 
see a tree blown down by a storm, or a rock 
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lown up by gunpowder ? Do we not here see 
)rce : — see it, that is, by its effects, the only 
ay in which we need to see it in the case of 
planet, for the pm^poses of our argument? 
Lre not such operations of force, Facts which 
lay be the objects of sense ? and is not the 
peration of the sun's Force a Fact of the 
ame kind, just as much as the elliptical form 
f orbit which results from the action ? If the 
itter be " surely a Fact," the former is a Fact 
;0 less surely. 

22 In truth, as I have repeatedly had 
ccasion to remark, all attempts to frame an 
rgument by the exclusive or emphatic appro- 
riation of the term Fact to particular closes, 
re necessarily illusory and inconclusive. There 
\ no definite and stable_disti^nctipn bet^ 
"acts and 'i'heones ; Facts and Laws ; Facts 
ttd IndUctTdns. inductions. Laws, Theories, 
hich are true, are Facts. Facts involve Induc- 
ons. It is a Fact that the moon is attracted 
jr the earth, just as much as it is a Fact that 
1 apple falls from a tree. That the former 
Lct is collected by a more distinct and con- 
jious Induction, does not make it the less 
Fact. That the orbit of Mars is a Fact — a 
lie Description of the path — does not make 

the less a case of Induction. 

23 There is another argument which 
[r Mill employs in order to shew that there 
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is a difference between mere colligation whid 
is description, and induction in the more pre 
per sense of the term. He notices with com 
mendation a remark which I had made (i. 364] 
that at different stages of the progress o 
science the facts had been successfully con 
nected by means of very different coneeptioiu 
while yet the later conceptions have not con 
tradicted, but included, so far as they wen 
jtrue, the earlier : thus the ancient Greek re 
bresentation of the motions of the planets b 
.;. paeans of epicycles and eccentrics, was to i 
N^jj /certain degree of accuracy true, and is no 
^ [negatived, though superseded, by the moden 
I representation of the planets as describinj 
' ellipses round the sun. And he then reason 
that this, which is thus true of Description 
cannot be true of Inductions. He says (i. 867] 
" Different descriptions therefore may be al 
true : but siu*ely not different explanations.' 
He then notices the various explanations of tb 
motions of the planets — the ancient doctrin 
that they are moved by an inherent virtue 
the Cartesian doctrine that they are moved b; 
impulse and by vortices ; the Newtonian doc 
trine that they are governed by a central force 
and he adds, '' Can it be said of these, as wai 
said of the different descriptions, that thq 
are all true as far as they go ? Is it not trw 
that one only can be true in any degree; 
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and that the other two must be altogether 
false?" 

24 And to this questioning, the history of 
Bcience compels me to reply very distinctly 
and positively, in the way which Mr Mill ap- 
pears to think extravagant and absurd. I am 
obliged to say. Undoubtedly, all these explana- 
tions Tnay be true and consistent with each 
other, and would be so if each had been fol- 
lowed out so as to shew in what manner it 
could be made consistent with the facts. And 
this was, in reality, in a great measure done. 
The doctrine that the heavenly bodies were 
moved by vortices was successively modified, 
80 that it came to coincide in its results with 
the doctrine of an inverse-quadratic centri- 
petal force, as I have remarked in the His- 
tory, (B. VII. c. iii. sect. 3). When this point *• 
'^as reached, the vortex was merely a ma- 
chinery, well or ill devised, for producing such 
B centripetal force, and therefore did not con- 
tradict the doctrine of a centripetal force. 
Uewton himself does not appear to have been 
•verse to explaining gravity by impulse. Sd 
little is it true that if one theory be true the 
ether must be false. The attempt to explain 
gravity by the impulse of streams of particles 
Bowing through the universe in all directions, 
which I have mentioned in the Philosophy^ 
(B. in. c. ix. art. 7), is so far from being in- 
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consistent with the Newtonian theory, that i^ 
is founded entirely upon it. And even witl^ 
regard to the doctrine, that the heavenly bo* 
dies move by an inherent virtue ; if this doc- 
trine had been maintained in any such waj 
that it was brought to agree with the facta, 
the inherent virtue must have had its lam 
determined; and then, it would have hem 
found that the virtue had a reference to the 
central body ; and so, the " inherent virtue 
must have coincided in its effect with the 
Newtonian force ; and then, the two explana- 
tions would agree, except so far as the word 
" inherent " was concerned. And if such s 
part of an earlier theory as this word inhereal 
indicates, is .found to be untenable, it is d 
course rejected in the transition to later and 
more exact theories, in Inductions of thiskindf 
as well as in what Mr Mill calls Descriptionft 
There is therefore still no validity discover- 
able in the distinction which Mr Mill attempt! 
to draw between " descriptions " like Keplert 
law of elliptical orbits, and other examples rf 
induction. 

25 When Mr Mill goes on to compare 
what he calls different predictions — the firafc 
the true explanation of eclipses by the shir 
dows which the planets and satellites cflrf 
upon one another, and the other, the beUfif 
that they will occur whenever some grerf 
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salamity is impending over mankind, I must 
•eply, as I have stated already, (Art. 17), that 
;o class such superstitions as the last with 
^ases of Induction, appears to me to confound 
iJl use of words, and to prevent, as far as 
It goes, all profitable exercise of thought. 
What possible advantage can result from com- 
|>aring (as if they were alike) the relation of 
two descriptions of a phenomenon, each to 
El certain extent true, and therefore both con- 
sistent, with the relation of a scientific truth 
tx) a false and baseless superstition ? 

26 But I may make another remark on 
this example, so strangely introduced. 'If, 
Under the influence of fear and superstition, 
men may make such mistakes with regard to 
laws of nature, as to imagine that eclipses por- 
tend calamities, are they quite secure from 
mistakes in description.^ Do not the very 
persons who tell us how eclipses predict dis- 
asters, also describe to us fiery swords seen in 
the air, and armies fighting in the sky ? So 
that even in this extreme case, at the very 
limit of the rational exercise of human powers, 
there is nothing to distinguish Description 
£rom Induction. 

I shall now leave the reader to judge 
whether this feature in the history of science, 
—that several views which appear at first 
quite diflferent are yet all true, — which Mr 
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Mill calls a curious and interesting remarl 
mine, and which he allows to be "strikin 
true" of the Inductions which he calls Desa 
tionsy (i. 364) is, as he says, "unequivoci 
false" of other Inductions. And I shall c 
fide in having general assent with me, whe 
continue to speak of Kepler'*s Induction of 
elliptical orbits. 

I now proceed to another remark. 

27 There is a difference between Mr B 
and me in our view of the essential eleme 
of this Induction of Kepler, which affects 
other cases of Induction, and which is, I thi 
the most extensive and important of the • 
ferences between us. I must therefore ^ 
ture to dwell upon it a little in detail. 

I conceive that Kepler, in discovering 
law of Mars's motion, and in asserting t 
the planet moved in an ellipse, did this ;— 
bound together particular observations of 
parate places of Mars by the notion, or. 
y^ \ I have called it, the cmiception, of an elli 
' which was supplied by his own mind. Ot 
persons, and he, before he made this 
covery, had present to their minds the fi 
of such separate successive positions of 
planet; but could not bind them toge< 
rightly, because they did not apply to tl 
this conception of an ellipse. To supply 
conception, required a special preparation, 
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, special activity in the mind of the dis- 
fOverer. He, and others before him, tried 
ither ways of connecting the special facts, 
lOne of which fully succeeded. To discover 
pich a connection, the mind must be con- 
versant with certain relations of space, and 
iptth certain kinds of figures. To discover the 
Ight figure was a matter requiring research, 
Kivention, resoiu*ce. To hit upon the right 
IfOnception is a difficult step; and 1 when this 
isep is once made, the facts assume a dif- 
iprent aspect from what they had before: 
|hat done, they are seen in a new point of 
Sew ; and the catching this point of view, is 
^ special mental operation, requiring special 
udowments and habits of thought. Before 
Ibis, the facts are seen as detached, separate, 
lHwless; afterwards, they are seen as con- 
l^ected, simple, regular; as parts of one ge- 
i^eral fact, and thereby possessing innumerable 
■lew relations before unseen. Kepler, then, 
C say, bound together the facts by super- 
Inducing upon them the conception of an 
^pse, and this was an essential element in 
feis Induction.^ 

28 And there is the same essential ele- 
laent in all Inductive discoveries. In all cases, 
hets, before detached and lawless, are bound 
Ipgether by a new thought. They are reduced 
1^ law, by being seen in a new point of view. 



30 

To catch this new point of view, is an act i 
the mind, springing from its previous pii 
paration and habits.^ The facts, in other d| 
coveries, are brought together according I 
other relations, or, as I have called thd 
Ideas; — ^the Ideas of Time, of Force, of Nia 
ber, of Resemblance, of Elementary Compel 
tion, of Polarity, and the like. But in all casei 
the mind performs the operation by an a| 
prehension of some such relations ; by singly 
out the one true relation ; by combining ti 
apprehension of the true relation with til 
facts ; by applying to them the Conception fl 
such a relation. ] 

29 In previous writings, I have not oifl 
stated this view generally, but I. have foUoweJ 
it into detail, exemplifying it in the greats^ 
part of the History of the principal Inductifj 
Sciences in succession. I have pointed di 
what are the Conceptions which have been ■ 
troduced in every prominent discovery in thoii 
sciences ; and have noted to which of till 
above Ideas, or of the like Ideas, each beloDgl 
The performance of this task is the office * 
the greater part of my Philosophy of the h 
ductive Sciences. For that work is, in reaB^ 
no less historical than the History which p« 
ceded it. The History of the Indtictive Sciem 
is the history of the discoveries, mainly so fi 
as concerns the Facts which were brought t 
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lather to form sciences. The Philosophy is, 
ai the first ten Books, the history of the Ideas 
knd C<yncepti(m8, by means of which the facts 
■rere connected, so as to give rise to scientific 
truths. It would be easy for me to give a 
iong list of the Ideas and Conceptions thus 
brought into view, but I may refer any reader 
^ho wishes to see such a list, to the Tables of 
KJontents of the History, and of the first ten 
Books of the Philosophy. 
■" 30 That these Ideas and Conceptions 
kure really distinct elements of the scientific 
•ruths thus obtained, 1 conceive to be proved 
leyond doubt, not only by considering that 
•he discoveries never were made, nor could be 
^ade, till the right Conception was obtained, 
^d by seeing how difiicult it often was to 
'obtain this element ; but also, by seeing that 
•^he Idea and the Conception itself, as distinct 
^*om the Facts, was, in almost every science, 
^e subject of long and obstinate controver- 
^ttes ;— kjontroversies which turned upon the 
* possible relations of Ideas, much more than 
' upon the actual relations of Facts. The first 
" ten Books of the Philosophy to which I have 
referred, contain the history of a great number 
of these controversies. These controversies 
^ make up a large portion of the history of each 
^Bcience ; a portion quite as important as the ; 
f'ttudy oi&the facts; and a portion, at every / 
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jciyrr :•: tbf srieDce. quite as essential to tho t^ 
jirAjr^-sf .if irzii- Men, in seeking and ofc 
TV- — :: >r::'zc:ii5: kuovledffe. have always shewi 
iiil: "LTtfT f:«zz:i ihe formation of right con- 
^"•iorj.'iii^ m ibi-ir cpt: Tnind,^ to be an 

,^1 M:ir£-:"rer. the presence of a Concep- 
iD.'ir .c ti:: *-''^'i as a special element of 
iDirjj.c:'* i riT.X'ess^ aiid as the tie by which ita 
^^ult::). u^ir fi^rs ir^ ro-und t<^:etlier, is fiirther 
vj>i:.'."i;c*i.. rj i^c-re being some special net 
ra?^ni .^r :. I -.::,■*; inirv^duced in CTery inducticm? ir 
s-c a; kjbit sw^7r>r^ ;orm or phrase thenceforft 
>^cj^.l.> jLyr«r.^\i «^ 4^ facts, which had not 
S;vr: iy.yLx>i iv-^ il-em before ; as when Keite 
*5??er^vxl :!::iAi Mirs nx'^Ted Tonnd the sun in ai 
:.V..r:,\:; ,i-K.\ or when Xewton asserted tW ii 
:h<* r>U:v:s /^yWrj^f towards the sun ; the» i 
v.ow :e:rtr:<^ ;v.7:cj>,i; ;Trii>, and ffratntate, maifc 
:h!^* :x<>* vv::vVi^cioas chi which the induction ji 
ooivr.o. I hivie in the Philo^pky (B. l c. E)k 
^:r^^cr illu;$»iu\l this application of "ted- 
xv.vmI :orti\s^" ihAt is. fixed and settled tennfl, 
ill o^vr\ ittvluiociw discovery; and have spokei 
K>t' their use in enabling men to proceed fio» 
e<iioh such c^iscv^vcry to other discoveries mort 
gcnor*!. Inu I nvnice these terms here, fi* 
the purjKvw ot showing the existence of » 
conception in the discoverer's mind, corre- 
spoudiug to the term thus introduced ; whid 
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aception, the term is intended to convey 
the minds of those to whom the discovery 
communicated. 

32 But this element of discovery, — right i 
aceptions supplied by the mind in order to IT 
id the facts together, — Mr Mill denies to be 
element at all. He says, of Kepler's dis- 
^ery of the elliptical orbit, (i. 363) "It super- 
ied nothing to the particular facts which *^ 
served to bind together;" yet he adds, 
xeept indeed the knowledge that a resem- 
nce existed between the planetary orbit 

i other ellipses ;" that is, except the know- 
ge that it was an ellipse ; — precisely the . 
eumstance in which the discovery consisted, j 
spier, he says, " asserted as a fact that the 
net moved in an ellipse. But this fact, 
ich Kepler did not add to, but found in the 
tion of the planet... was the very fact, the 
karate parts of which had been separately 
served ; it was the sum of the diflferent ob- 
vations." 

33 That the fact of the elliptical motion 
i not merely the sum of the different ob- 
vations, is plain from this, that other per- 
is, and Kepler himself before his discovery, 
. not find it by adding together the obser- 
ions. ; The fact of the elliptical orbit was 
; the sum of the observations merely; it 
I the sum of the observations, seen under 

3 
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a new point of view, which point of view Kep- 
ler's mind supplied. Kepler found it in the 
facts, because it was there, no doubt, for one 
reason ; but also, for another, because he had, 
in his mind, those relations of thought whick 
enabled him to find it. We may illustrate thiSr 
by a familiar analogy. We too find the law 
in Kepler's book ; but if we did not understand 
Latin, we should not find it there. We muafe 
learn Latin in order to find the law in thft 
book. In like manner, a discoverer must know 
the language of science, as well as look at thft 
book of nature, in order to find scientific truA 
All the discussions and controversies respect*, 
ing Ideas and Conceptions of which I havft 
spoken, may be looked upon as discussions and 
controversies respecting the grammar of tbi 
language in which nature speaks to the sci^ 
tific mind. Man is the. JnIerpr£ter.si£JN&tarei 
not the Spectator merely, but the InterpreteK 
The study of the language, as well as tin 
mere sight of the characters, is requisite 
order that we may read the inscriptions wbkk 
are written on the face of the world. 
. this study of the language of nature^ that i 
■ of the necessary coherencies and derivatki 
\ of the relations of phenomena, is to be piff 
sued by examining Ideas, as well as 
phenomena ; — ^by tracing the formation 
Conceptions, as well as the accumulation 
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Facts. And this is what I have tried to do 
in the books already referred to. 

34 Mr Mill has not noticed, in any con- 
siderable degree, what I have said of the for- 
mation of the Conceptions which enter into 
Che various sciences ; but he has, in general 
terms, denied that the Conception is anything 
different from the facts themselves. " If,'* 
lie says, (i. 301) " the facts are rightly classed 
cinder the conceptions, it is because there is 
in the facts themselves, something of which 
the conception is a copy." But it is a copy 
■^hich cannot be made by a person without 
peculiar endowments ; just as a person cannot 
csopy an ill-written inst^ription, so as to make 
$t convey sense, except he understand the 
language. " Conceptions, " Mr Mill says, 
fn. 217) " do not develope themselves from 
"^thin, but are impressed from without." 
iut what comes from without is not enough : 
"tthey must have both origins, or they cannot 
taake knowledge. *'The conception," he 
•ijrs again, (ii. 221) "is not furiiisTied 6jr~the 
fcttind till it has been furnished to the mind.**^ 
%St IT is lurnished to the mind by^s own 
Activity, operating according to its own laws. 
5fo doubt, the conception may be formed, and 
Kn cases of discovery, must be formed, by the 
Pciggestion and excitement which the facts 
Hiemselves produce ; and must be so moulded 
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as to agree with the facts. But this does not 
make it superfluous to examine, out of what 
materials such conceptions are formed, and 
haw they are capable of being moulded so as 
to express laws of natiure; especially, when 
we see how large a share this part of disco- 
very — the examination how our ideas can be 
modified so as to agree with nature, — ^holds, 
in the history of science. 

35 I have already (Art. Si) given, as 
evidence that the conception enters as an 
element in every induction, the constant in- 
troduction in such cases, of a new fixed tenn 
or phrase. Mr Mill (ii. 282) notices this in- 
troduction of a new pttrase in such cases as 
important, though he does not appear willio|r 
to allow that it is necessary. Yet the neces- 
sity of the conception at least, appears to 
result from the considerations which he puts 
forward. " What darkness," he says, " would 
have been spread over geometrical demon- 
stration, if wherever the word circle is used, 
the definition of a circle was inserted instead 
of it." "If we want to make a particubr 
combination of ideas permanent in the mio4 
there is nothing which clenches it like a nanM 
specially devoted to express it." In my view, 
the new conception is the nail which connedi 
the previous notions, and the name, as Jb 
Mill says, clenches the junction. 
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36 I have above (Art. 33) referred to 
the difficulty of getting hold of the right con- 
ception, as a proof, that induction is not a 
mere juxtaposition of facts. Mr Mill does not 
dispute that it is often difficult to hit upon 
the right conception. He says (i. 360) " that 
a conception of the mind is introduced, is 
indeed most certain, and Mr Whewell has 
rightly stated elsewhere, that to hit upon the 
iright conception is often a far more difficult, 
and more meritorious achievement, than to 
prove its applicability when obtained. But," 
lie adds, "a conception implies and corre- 
sponds to something conceived ; and although 
^e conception itscLF is not in the facts, but in 
our mind, it must be a conception of some- 
thing which really is in the facts." But to this 
2 reply, that its being really in the facts, does 
not help us at all towards knowledge, if we 
^cannot see it there. As the poet says, 

It is the mind that sees: the outward eyes 
Present the ohject, but the mind descries. 

And this is true of the sight which pro-' 
^uces knowledge, as well as of the sight which 
produces pleasure and pain, which is referred 
to in the Tale. 

37 Mr Mill puts his view, as opposed to 
mine, in various ways, but, as will easily be 
Understood, the answers which I have to offer 
•re in all cases nearly to the same effect. 
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Thus, he says (ii. 2l6), *' the tardy developmeri 
of several of the physical sciences, for exampk^ 
of Optics, Electricity, Magnetism, and thi 
higher generalizations of Chemistry, Mr Whfr 
well ascribes to the fact that mankind had not 
yet possessed themselves of the idea of Pt- 
larity, that is, of opposite properties in oppo- 
site directions. But what was there to 8 
gest such an idea, until by a separate exami' 
nation of several of these different brancha 
of knowledge it was shewn that the facts of 
each of them did present, in some instanoa 
at least, the curious phenomena of opposite 
properties in opposite directions?" But d 
this I observe, that these facts did not, nor d» 
yet, present this conception to ordinary mind( 
The opposition of properties, and even Ik 
opposition of directions, which are thus apjNre- 
hended by profound cultivators of science, an 
of an abstruse and recondite kind ; and to 
conceive any one kind of polarity in its pro- 
per generality, is a process which few perscmi 
hitherto appear to have mastered; still leas; 
have men in general come to conceive of then 
all as modifications of a general notion of Po- 
larity. The description which I have giva 
of Polarity in general, "opposite properties a 
opposite directions," is of itself a very imper 
feet account of the manner in which corre- 
sponding antitheses are involved in the portiotf 
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of science into which Polar relations enter. 
In excuse of its imperfection, I may say, that 
I believe it is the first attempt to define 
Polarity in general ; but yet, the conception of 
Polarity has certainly been strongly and effec- 
tively present in the minds of many of the 
sagacious men who have discovered and un- 
ravelled polar phenomena. They attempted 
to convey this conception, each in his own 
subject, sometimes by various and peculiar 
expressions, sometimes by imaginary mechan- 
ism by which the antithetical results were pro- 
duced; their mode of expressing themselves 
being often defective or imperfect, often 
containing what was superfluous; and their 
meaning was commonly very imperfectly 
apprehended by most of their hearers and 
readers. But still, the conception was there, 
gradually working itself into clearness and 
distinctness, and in the mean time, directing 
their experiments, and forming an essential ele- 
ment of their discoveries. So far would it be 
from a sufficient statement of the case to say, 
that they conceived polarity because they saw it; 
— ^that they saw it as soon as it came into view ; 
— and that they described it as they saw it. 

38 The way in which such conceptions 
acquire clearness and distinctness is often by 
means of Discussions of Definitions. To de- 
fine well a thought which already enters into 
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trains of discovery, is often a diflSeult matter. 
Thf^ T^sjnpss of such definition is a part of 
the business of discovery. TEese, and other 
remarks connected with these, which I had 
made in the Philosophy ^ Mr Mill has quoted 
and adopted (ii. 242). They appear to me to 
point very distinctly to the doctrine to which 
he refuses his assent, — ^that there is a special 
process in the mind, in addition to the mere 
observation of facts, which is necessary at 
every step in the progress of knowledge. The 
Conception must be formed before it can be 
defined. The Definition gives the last stamp 
of distinctness to the Conception ; and en- 
ables us to express, in a compact and ludd 
form, the new scientific propositions into which 
the new Conception enters. 

39 Since Mr Mill assents to so much of 
what has been said in the Philosophy, with 
regard to the process of scientific discovery, 
how, it may be asked, would he express these 
doctrines so as to exclude that which he thinks 
erroneous ? If he objects to our saying thai 
when we obtain a new inductive truth, we con- 
nect phenomena by applying to them a new 
Conception which fits them, in what terms 
would he describe the process ? If he will not 
agree to say, that in order to discover the law 
of the facts, we must find an appropriate Con- 
ception, what language would he use instead 
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* this ? This is a natural question ; and the 
iswer cannot fail to throw light on the rela- 
on in which his views and mine stand to each 
ther. 

Mr Mill would say, I believe, that when 
e obtain a new inductive law of facts, we find 
)mething in which the facts resemble each other; 
nd that the business of making such disco- 
eries is the business of discovering such re- 
smblances. Thus, he says (of me,) (ii. 21 1), "his 
iolligation of Facts by means of appropriate 
Conceptions, is but the ordinary process of 
nding by a comparison of phenomena, in 
'hat consists their agreement or resemblance." 
Lnd the Methods of experimental Inquiry 
rhich he gives (i. 450 &c.), proceed upon the 
upposition that the business of discovery may 
»e thus more properly described. 

40 There is no doubt that when we 
liscover a law of nature by induction, we find 
ome point in which all the particular facts 
gree. All the orbits of the planets agree in 
>eing ellipses, as Kepler discovered ; all falling 
Kwiies agree in being acted on by a uniform 
bree, as Galileo discovered ; all refracted rays 
gree in having the sines of incidence and 
efraction in a constant ratio, as Snell dis- 
overed ; all the bodies in the universe agree 
a attracting each other, as Newton disco- 
ered ; all chemical compounds agree in being 
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constituted of elements in definite projK^ 
tions, as Dalton discovered. But it appea* 
to me a most scanty, vague, and incomplete 
account of these "steps m science, to say that 
the authors of them discovered something il^ 
which the facts in each case agreed. Tto 
point in which the cases agree, is of the mort 
diverse kind in the different cases — ^in some,» 
relation of space, in others, the action of » 
force, in others, the mode of composition of »! 
substance; — and the point of agreement, visible 
to the discoverer alone, does not come even 
into his sight, till after the facts have been 
connected by thoughts of his own, and re- 
garded in points of view in which he, by hiB 
mental acts, places them. It would seem to 
me not much more inappropriate to say, that 
an officer, who disciplines his men till they 
move together at the word of command, 
does so by finding something in which they 
agree. If the power of consentaneous motion 
did not exist in the individuals, he could not 
create it : but that power being there, he finds 
it and uses it. Of course I am aware that the 
parallel of the two cases is not exact ; but in 
the one case, as in the other, that in which 
the particular things are found to agree, is 
something formed in the mind of him who 
brings the agreement into view. 

41 But Mr Mill has not only thus de 
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^bed the business of scientific discovery; 
«e has also given rules for it, founded on this 
'iescription. It may be expected that we 
should bestow some attention upon the methods 
of inquiry which he thus proposes. I presume 
that they are regarded by his admirers as 
unong the most valuable parts of his book ; 
IS certainly they cannot fail to be, if they 
lescribe methods of scientific inquiry in such 
i manner as to be of use to the enquirer. 

Mr Mill enjoins four methods of experi- 
Qental inquiry, which he calls the Method of 
igreement, the Method of Difference, the Method 
f Residties, and the Method of Concomitant Vari- 
tions. (B. III. c. viii.) They are all described 
>y formulaD of this kind: — Let there be, in the 
bserved facts, combinations of antecedents, 
iBC, BCy ADE, &c. and combinations of cor- 
esponding consequents, a 6 c, 6 c, ade, &c. ; and 
Bt the object of inquiry be, the consequence 
f some cause A, or the cause of some conse- 
[uence a. The Method of Agreement teaches 
18, that when we find by experiment such facts 
£ a6c the consequent oi ABC, and ade the 
onsequent oi ADE, then a is the consequent 
f A. The Method of Difference teaches us 
hat when we find such facts as a6c the conse- 
uent oi ABC, and 6 c the consequent of BC, 
hen a is the consequent of A, The Method 
f Residues, teaches us, that if a6c be the 
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consequent of ABQ and if we have already 1 
ascertained that the effect of A is a, and the ' 
effect of B is 6, then we may infer that the 
effect of C is c. The method of Concomitant 
Variations teaches us, that if a phenomenon a 
varies according as another phenomenon il 
varies, there is some connection of causation 
direct or indirect, between A and a. 

42 Upon these methods, the obvious 
thing to remark is, that they take for granted, 
the very thing which is most difficult to dis- 
cover, the reduction of the phenomena to 
formuIsB such as are here presented to us. 
When we have any set of complex facts offered 
to us ; for instance, those which were offered 
in the cases of discovery which I have men- 
tioned, — ^the facts of the planetary paths, of 
falling bodies, of refracted rays, of cosmicai 
motions, of chemical analysis ; and when, in 
any of these cases, we would discover the law 
of nature which governs them, or, if any one 
chooses so to term it, the feature in which all 
the cases agree, where are we to look for our 
Ay B, C and a, 6, c ? Nature does not present 
to us the cases in this form ; and how are we to 
reduce them to this form? You say, when we 
find the combination of ABC with aho and 
ABD with abd, then we may draw our infer- 
ence. Granted : but when and where are we 
to find such combinations? Even now that the 
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discoveries are made, who will point out to us 
irhat are the A, B, C, and a, 6, c elements of the 
«ases which have just been enumerated ? Who 
will tell us which of the methods of inquiry 
those historically real and successful inquiries 
exemplify? Who will carry these formulae 
through the history of the sciences, as they 
have really grown up ; and shew us that these 
four methods have been operative in their 
formation ; or that any light is thrown upon 
the steps of their progress by reference to 
these formulsD ? 

43 JVIr Mill's four methods have a great 
resemblance to Bacon'^s " Prerogatives of In- 
stances ;" for example, the Method of Agree- 
ment to the Instantice Ostensivoe; the Method of 
Differences to the Instantice Jbsentioe in Prox- 
imo, and the Instantice Crucis ; the Method of 
Concomitant Variations to the Instantice Mi- 
grantes. And with regard to the value of 
such methods, I believe all study of science 
will convince us more and more of the wisdom 
of the remarks which Sir John Herschel has 
made upon them {Discourse, Art. 192). 

" It has always appeared to us, we must 
confess^ that the help which the classification 
of instances under their different titles of pre- 
rogative, affords to inductions, however just 
such classification may be in itself, is yet more 
apparent than real. The force of the instance 
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must be felt in the mind before it can h 
ferred to its place in the system ; and b 
it can be either referred or appreciat 
must be known ; and when it is appreci 
we are ready enough to weave our web ( 
duction, without greatly troubling ours 
whence it derives the weight we acknowl 
it io have in our decisions. . . . No doubt 
instances as these are highly instructive : 
the difl&culty in physics is to find such, n- 
perceive their force when found." 

44 If Mr Mill's four methods had 
applied by him in his book to a large bo< 
conspicuous and undoubted examples of 
covery, extending along the whole histoi 
science, well selected and well analysed 
should have been better able to estimate 
value of these methods. Mr Mill has cert 
offered a number of examples of his metl 
but I hope I may say, without offense, that 
appear to me to be wanting in the condi 
which I have mentioned. As I have to ji 
myself for rejecting Mr Mill's criticism of 
trines which I have put forward, and e 
pies which I have adduced, I may, I trus 
allowed to offer some critical remarks ii 
turn, bearing upon the examples which h< 
given, in order to illustrate his doctrines 
precepts. 

45 The first remark which I hav 
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e is, that a large proportion of his examples 
30, &e.) are taken from one favourite au- 
; who, however great his merit may be, 
•o recent a writer to have had his diseo- 
3S confirmed by the corresponding inves- 
bions and searching criticisms of other 
nrers in the same field, and placed 
heir proper and permanent relation to 
blished truths; these alleged discoveries 
ig, at the same time, principally such as 
I with the most complex and slippery por- 
s of science, the laws of vital action. Thus 
Mill has adduced, as examples of disco- 
es. Prof. Liebig's doctrine — that death is 
iuced by certain metallic poisons through 
r forming indecomposable compounds ; 
li the effect of respiration upon the blood 
sists in the conversion of peroxide of iron 
> protoxide — that the antiseptic power of 
arises from its attraction for moisture — 
b chemical action is contagious ; and others. 
w supposing that we have no doubt of the 
h. of these discoveries, we must still ob- 
7e that they cannot wisely be referred to, 
)rder to exemplify the nature of the pro- 
ss of knowledge, till they have been ve- 
id by other chemists, and worked into 
ir places in the general scheme of chemis- 
; especially, since it is tolerably certain 
t in the process of verification, they will 
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be modified and more precisely defined. J 
can I think it judicious to take so large 
proportion of our examples from a region 
science in which, of all parts of our matei 
knowledge, the conceptions both of ordinj 
persons and of men of science themselves, i 
most loose and obscure, and the genuine pr 
ciples most contested; which is the case 
physiology. It would be easy, I think, 
point out the vague and indeterminate cl 
racter of many of the expressions in whi 
the above examples are propounded, as v 
as their doubtful position in the scale of cl 
mical generalization ; but I have said enou 
to shew why I cannot give much weight 
these, ascardinal examples of the method 
discovery ; and therefore I shall not exam 
in detail how far they support Mr Mill's i 
thods of inquiry. 

46 Mr Liebig supplies the first and 
majority of Mr Mill's examples in chapter 
of his Book on Induction. The second is 
example for which Mr Mill states himself to 
indebted to Mr Alexander Bain ; the law est 
lished being this, that (i. 487) electricity can 
exist in one body without the simultane 
excitement of the opposite electricity in so 
neighbouring body, which Mr Mill also c 
firms by reference to Mr Faraday's exp 
ments on voltaic wires. 
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I confess I am quite at a loss to understand 
bat there is in the doctrine here ascribed to 
T Bain which was not known to the electri- 
ans who, from the time of Franklin, explained 
le phenomena of the Leyden vial. I may ob- 
irve also that the mention of an ** electrified 
imosphere*' implies a hypothesis long obso- 
te. The essential point in all those expla- 
itions was, that each electricity produced by 
iduction the opposite electricity in neigh- 
ouring bodies, as I have tried to make ap- 
arent in the History (B. xi. c. xi.) Faraday 
as, more recently, illustrated this universal 
oexistence of opposite electricities with his 
isual felicity. 

But the conjunction of this fact with vol- 
taic phenomena, implies a non-recognition of 
K)me of the simplest doctrines of the subject. 
'* Since," it is sa,id, (i. 488) " common or machine 
dectricity, and voltaic electricity may be con- 
fldered for the present purpose to be identical, 
Faraday wished to know, &c/* I think Mr 
Faraday would be much astonished to learn 
liat he considered electricity in equilibrium, 
ind electricity in the form of a voltaic current, 
be, for any purpose, identical. Nor do I 
K>nceive that he would assent to the expres- 
ion in the next page, that " from the nature 
fa voltaic charge, the two opposite currents 
lecessary to the existence of each other are 
4 
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both accommodated in one wire." Mr Faraday 
has, as it appears to me, studiously avoided 
assenting to this hypothesis. 

47 The next example is the one ah^adyj 
so copiously dwelt upon by Sir John HerscheJ 
Dr Wells' researches on the production d 
Dew. I have already said {Phil. B. xni. c, it 
Art. 7) that " this investigation, although it 
has sometimes been praised as an original dis- 
covery, was in fact only resolving the pheno- 
menon into principles already discovered;* 
namely, the doctrine of a constituent tempit' ^ 
ature of vapour, the different conducing * 
power of different bodies, and the like. Asi n 
this agrees in substance with what Mr MJ t 
says ; (i. 497) that the discovery, when made, 
was corroborated by deduction from the knowi ^ 
laws of aqueous vapour, of conduction, a« t 
the like. Dr Wells' researches on Dew tend0 j 
much in this country to draw attention ii [• 
the general principles of Atmology ; and K ^ 
may see, in this and in other examples whiel ^^ 
Mr Mill adduces, that the explanation of ^ 3 
cial phenomena by means of general principle^ 1 
already established, has, for common muA ^^ 
a greater charm, and is more comp] 
dwelt on, than the discovery of the gen( 
principles themselves. 

48 The next example, (i. 502) is 
in order to illustrate the Method of Besidi 
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d is the discovery by M. Arago that a disk 
copper affects the vibrations of the mag- 
tic needle. But this apparently detached 
it affords little instruction compared with the 
igularly sagacious researches by which Mr 
.raday discovered the cause of this effect to 
jide in the voltaic currents which the motion 
the magnetic needle developed in the copper, 
lave spoken of this discovery in the History 
. xui. c. viii.). Mr Mill however is quoting 
r John Herschel in thus illustrating the Me- 
od of Residues. He rightly gives the Per- 
rbations of the Planets and Satellites as 
tter examples of the method ; (given also in 
e Phil, Ind. Sc. B. xiii. c. vii. § 17.) 

49 In the next chapter (c. x.) Mr Mill 
eaks of Plurality of causes and of the In- 
rmixture of effects, and gives examples of 
ch cases. He here teaches (i. 517) that che- 
cal synthesis and analysis, (as when oxy* 
n and hydrogen compose water, and when 
iter is resolved into oxygen and hydrogen,) 
properly transformation; but that because 
i find that the weight of the compound is 
ual to the siun of the weights of the ele- 
ints, we take up the notion of chemical 
nposition. I have endeavoured to shew 
ML Ind. Sc. B. vi. c. iv.) that the maxim, 
it the sum of the weights of the elements 
equal to the weight of the compound, was, 

4 — 2 
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historically, not proved from experiment, bflt 
dammed in the reasonings upon experimeni& 

50 I have now made my remarks upoi 
nearly all the examples which Mr Mill givei 
of scientific inquiry, so far as they consist rf 
knowledge which has really been obtained 
I may mention, as points which appear to me 
to interfere with the value of Mr Mill's refe^ 
ences to examples, expressions which I can- 
not reconcile with just conceptions of scientific 
truth ; as when he says (i. 523), " some otte 
force which impinges on the first force ;" and 
very frequently indeed, of the "tangental 
force'' as co-ordinate with the centripetal 
force. 

When he speaks (ii. 20, Note) of "<!* 
doctrine now universally received that ^ 
earth is a great natural magnet with two 
poles," he does not recognise the recent theory 
of Gauss, so remarkably coincident with attf* 
body of facts. (See Hist. Ind. Sc. B. xn. note ^ 
(D) in the second edition.) Indeed in tt 
statement, he rejects no less the earlier vie«< 
proposed by Halley, theorized by Euler, and 
confirmed by Hansteen, which shew thatw« 
are compelled to assume at least four poles rf 
terrestrial magnetism ; which I had given a* 
account of in the first edition of the Histoff 
There are several other cases which he piA 
in which, the knowledge spoken of not baviDf 
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Ben yet acquired, he tells us how he would 
5t about acquiring it; for instance, if the 
uestion were (i. 526) whether mercury be a 
are for a given disease ; or whether the brain 
e a voltaic pile (ii. 21); or whether the moon 
e inhabited (ii. lOO); or whether all crows are 
lack (ii. 124); I confess that I have no ex- 
ectation of any advantage to philosophy from 
iscussions of this kind. 

51 I will add also, that I do not think 
Dy light can be thrown upon scientific me- 
lods, at present, by grouping along with such 
hysical inquiries as I have been speaking of, 
peculations concerning the human mind, its 
ualities and operations. Thus he speaks 
. 508) of human characters, as exemplifying 
be eflRect of plurality of causes; of (i. 518) 
le phenomena of our mental nature, which 
re analogous to chemical rather than to 
ynamical phenomena; of (i. 518) the reason 
''hy susceptible persons are imaginative; to 
'hich I may add, the passage where he says 
• 444) " let us take as an example of a phe- 
omenon which we have no means of fabricat- 
ig artificially, a human mind." These, and 
ther like examples, occur in the part of his 
ork in which he is speaking of scientific 
iquiry in general, not in the Book on the 
ogic of the Moral Sciences; and are, I 
link, examples more likely to lead us astray 
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than to help our progress, in discovering the 
laws of Scientific Inquiry, in the ordinaiy 
sense of the term. 

52 I will now pass from Mr Mill's methods, 
illustrated by such examples as those which 
I have been considering, to the views respect- 
ing the conditions of Scientific Induction to 
which I had been led, by such a survey as 
I could make, of the whole history of the 
principal Inductive Sciences; and especially, 
to those views to which Mr Mill offers his 
objections*. 

• There are some points in my doctrines on the snbject 
of the Classificatory Sciences, to which Mr. Mill objects; 
(ii. 314, &c.) but there is nothing which I think it neces- 
sary to remark here, except one point. Afiker speaking of 
Classification of organised beings in general, Mr. lifill 
notices (ii. 821) as an additional subject^ the arrangement of 
natural groups into a Natural Series ; and he says^ that ^all 
who have attempted a theory of natural arrangement, in* 
eluding among the rest Mr. Whewell, have stopped short of 
tills : all except M. Comte/* On this I have to observe, 
that I stopped short of, or rather passed by, the doctrine of 
a Series of organized beings^ because I thought it bad and ^ 
narrow philosophy : and that I sufficiently indicated that I 
did this. In the History (B. xvi. c. vi.) I have spoken of the l: 
doctrine of Circular Progression propounded by Mr. Madeay, 
and have said, '' so far as this view negatives a mere linieat 
progression in nature, which would place each genus ii 
contact with the preceding and succeeding ones, and so fitf 
as it requires us to attend to the more varied and ramifiei 
resemblances, there can be no doubt that it is supported If 
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Mr Mill thinks that I have been too favour- 
able to the employment of hypotheses, as means 
of discovering scientific truth ; and that I have 
eountenanced a laxness of method, in allowing 
hypotheses to be established, merely in virtue 
of the accordance of their results with the 
phenomena. I believe I should be as cau- 
tious as Mr Mill, in accepting mere hypothe- 
tical explanations of phenomena, in any case 
in which we had the phenomena, and their rela- 
tions, placed before both of us in an equally 
clear light. I have not accepted the Undu- 
latory theory of Heat, though recommended 
by so many coincidences and analogies {Hist, 
hd. Sc. B. X. Note (VA) in the second edition). 
But I see some grave reasons for not giving 
any great weight to Mr Mill's admonitions ; — 
reasons drawn from the language which he 
nses on the subject, and which appears to me 
inconsistent with the conditions of the cases 
to which he applies it. Thus, when he says 
(ii. 22) that the condition of a hypothesis ac- 
counting for all the known phenomena is 
"often fulfilled equally well by two conflict- 
iig hypotheses," I can only say that I know 
>f no such case in the history of Science, 

he result of all the attempts to form natural systems." And 
^th regard to the difference between Cuvier and M. de 
tlainville, to which Mr. Mill refers (ii. 321 ), 1 certainly 
^nnot think that M. Comte*s suffrage can add any weight 
i the opinion of either of those great naturalists^ 
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where the phenomena are at all numerous eoAm 
complicated ; and that if such a case were ti ^ 
occur, one of the hypotheses might always bl jfi 
resolved into the other. When he says that 
" this evidence (the agreement of the results rf 
the hypothesis wi{h the phenomena) cannot tc 
be of the smallest value, because we cannot i^ 
have in the case of such an hypothesis tbe 
assurance that if the hypothesis be false it 
must lead to results at variance with the true 
facts," we must reply, with due submissioDi 
that we have, in the case spoken of, the most 
complete evidence of this ; for any change ii 
the hypothesis would make it incapable of 
accounting for the facts. When he says that 
** if we give ourselves the license of inventing |r< 
the causes as well as their laws, a person d t] 
fertile imagination might devise a hundred ^ 
modes of accounting for any given fact;"I|r>] 
reply, that the question is about accounting 
for a large and complex series of facts, d 
which the laws have been ascertained : and as 
a test of Mr Mill's assertion, I would propose i( 
as a challenge to any person of fertile imagi-f] 
nation to devise any one other hypothesis to 
account for the perturbations of the moon, 
or the coloured fringes of shadows, besides the 
hypothesis by which they have actually be^ ^ 
explained with such curious completeness 
This challenge has been repeatedly offered 
but never in any degree accepted; and I 
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tertain no apprehension that Mr Mill's 
pposition will ever be verified by such a 
rformanee. 

63 I see additional reason for mistrust- 
g the precision of Mr. Mill's views of that 
cordance of phenomena with the results of 
hypothesis, in several others of the expres- 
>ns which he uses (ii. 23). He speaks of 
hypothesis being a ^'plaudble explanation of 
I or most of the phenomena ;" but the case 
dich we have to consider is where it gives an 
act representation of all the phenomena in 
liich its results can be traced. He speaks of 
3 being certain that the laws of the pheno- 
ena are " in some measure analogous'^ to those 
ven by the hypothesis; the case to be dealt 
ith being, that they are in every way iden- 
caL He speaks of this analogy being certain, 
om the fact that the hypothesis can be " for 
moment tenable /' as if any one had recom- 
ended a hypothesis which is tenable only 
bile a small part of the facts are considered, 
hen it is inconsistent with others which a 
Her examination of the case discloses. I have 
)thing to say, and have said nothing, in favour 
* hypotheses which are not tenable. He says 
ere are many such "harmonies running 
rough the laws of phenomena in other re- 
ects radically distinct ;"" and he gives as an 
stance, the laws of light and heat. I have 
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never alleged such harmonies as grounds 4 
theory, except they should amount to ideiri 
ties ; and if they should do this, I have i 
doubt that the most sober thinkers will suppM 
the causes to be of the same kind in the ti 
harmonizing instances. If chlorine, iodine ai 
brome, or sulphur and phosphorus, have,! 
Mr. Mill says, analogous properties, I shod 
call these substances analogous: but I can seem 
temptation to frame an hypothesis that ^ 
are identical (which he seems to fear), so loi| 
as Chemistry proves them distinct. But ai} 
hypothesis of an analogy in the constitution d 
these elements (suppose, for instance, a rese* 
blance in their atomic form or compositioij 
would seem to me to have a fair claim to triilj 
and to be capable of being elevated from oM 
degree of probability to another by the nun 
ber, variety, and exactitude of the explanation 
of phenomena which it should furnish. 

54 These expressions of Mr. Mill hifi 
reference to a way in which hypotheses m^ 
be corroborated, in estimating the value < 
which, it appears that he and I diflRer. **] 
seems to be thought," he says (ii. 23), "Am 
an hypothesis of the sort in question is entitle 
to a more favourable reception, if, besides a 
counting for the facts previously known, it h 
led to the anticipation and prediction of othc 
which experience afterwards verified." Ai 
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idds, "Such predictions and their ftdfil- 
b are indeed well calculated to strike the 
rant vulgar ;" but it is strange, he says, 

any considerable stress should be laid 
1 such a coincidence by scientific thinkers. 
rever strange it may seem to him, there is 
ioubt that the most scientific thinkers, far 
e than the ignorant vulgar, have allowed 
coincidence of results predicted by theory 
I fact afterwards observed, to produce the 
ngest effects upon their conviction ; and 
b all the best-established theories have ob- 
led their permanent place in general accept- 
e in virtue of such coincidences, more than 
tny other evidence. It was not the igno- 
t vulgar alone, who were struck by the 
im of Halley's comet, as an evidence of \ 
Newtonian theory. Nor was it the igno- ; 
t vulgar, who were struck with those facts 
ch did so much strike men of science, as | 
iously felicitous proofs of the undulatory . 
ory of light, — the production of darkness j 
two luminous rays interfering in a special 
nner; the refraction of a single ray of \ 
it into a conical pencil ; and other complex j 

precise results, predicted by the theory 
I verified by experiment. It must, one 
old think, strike all persons in proportion 
their thoughtfulness, that when Nature thus ]■ ^ 
» our bidding, she acknowledges that we ^ 
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have learnt her true language. If we can pi 
diet new facts which we have not seen, as 
as explain those which we have seen, it m 
be because our explanation is not a m 
formula of observed facts, but a truth of 
deeper kind. Mr Mill says, " If the laws (i J 
the propagation of light agree with those c . 
the vibrations of an elastic fluid in so man ^ 
respects as is necessary to make the hypotw , 
sis a plausible explanation of all or most of th '.. 
phenomena known at the time, it is nothin ^ 
strange that they should accord with eafi 
other in one respect more.'^ Nothing strange ' 
if the theory be true ; but quite unaccountaU^ ' 
if it be not. If I copy a long series of letter , 
of which the last half-dozen are concealed, an 
if I guess those aright, as is found to be iil , 
case when they are afterwards uncovered, tM 
must be because I have made out the impw 
of the inscription. To say, that because I hail 
copied all that I could see, it is nothing strangl 
that I should guess those which I cannot M 
would be absurd, without supposing suchi 
ground for guessing. The notion that ih 
discovery of the laws and causes of phenomeni 
is a loose hap-hazard sort of guessing, whiA ^^ 
gives "plausible" explanations, accidental co* J^ 
cidences, casual " harmonies," laws, " in soB8 
measure analogous" to the true ones, supp** 
sitions "tenable" for a time, appears to me to 
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a misapprehension of the whole nature of 
Lence; as it certainly is inapplicable to the 
se to which it is principally applied by Mr 
iU. 

55 There is another kind of evidence of 
leories, very closely approaching to the veri- 
sation of untried predictions, and to which, 
>parently, Mr Mill does not attach much im- 
>rtance, since he has borrowed the term by 
hich I have described it. Consilience, but has 
[>plied it in a different manner (ii. 530, 563, 
K)). 1 have spoken, in the Philosophy (B. xi. 
. v. art. 11), of the Consilience of Inductions, as 
Qe of the Tests of Hypotheses, and have exem- 
lified it by many instances ; for example, the 
lieory of universal gravitation, obtained by 
iduction from the motions of the planets, was 
3und to explain also that peculiar motion of 
he spheroidal earth which produces the Pre- 
ession of the Equinoxes. This, I have said, \ 
rss a striking and surprising coincidence which ] 
"ave the theory a stamp of truth beyond the i 
►ower of ingenuity to counterfeit. I may com- « 
lare such occiurences to a case of interpreting 
n unknown character, in which two different 
ascriptions, deciphered by different persons, 
hould have given the same alphabet. We 
hould, in such a case, believe with great con- 
dence that the alphabet was the true one; 
nd I will add, that I believe the history of 
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science oflTers no example in which a the 
supported by such consiliences, has been af 
wards proved to be false. 

56 Mr Mill accepts (ii. 21) a rule of 
Comte's, that we may apply hypotheses, { 
vided they are capable of being afterwa 
verified as facts. I have a much hig 
respect for Mr Mill's opinion than for 
Comte's^^ ; but I do not think that this r 
will be found of any value. It appears to 
to be tainted with the vice which I have 

• I have given elsewhere {Phihs. Ind. Sc. B. xn. c.i 
reasons why I cannot assign to M. Comte's PhUosophie 1 
tive any great value as a contribution to the philosoph; 
science. In this judgment I conceive that I am suppo 
by the best philosophers of our time. M. Comte owe 
think, much of the nptice which has been given to hii 
his including, as Mr Mill does, the science of society an 
human nature in liis scheme, and to his boldness in dea 
with these. He appears to have been received with d< 
ence as a mathematician : but Sir John Herschel has sb 
that a supposed astronomical discovery of his is a mere 
sumption. I conceive that I have shewn that his represe 
tions. of the history of science is erroneous, both in itsde 
and in its generalities. His distinction of the three stage 
sciences, the theological, metaphysical, and positive, is m 
aU supported by the facts of scientific history. Real di 
veries always involve what he calls metaphysics; and 
doctrine of final causes in physiology, the main elemei 
science which can properly be called theological, isretaini 
the end, as well as the beginning of the science, by all ex 
a peculiar schooL 
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Bidy noted, of throwing the whole burthen of 
iplanation upon the unexplained word/ac^— 
lexplained in any permanent and definite 
^position to theory. As I have said, the 
ewtonian theory is a fact. Every true 
eory is a fact. Nor does the distinction 
icome more clear by Mr Mill's examples. 
The vortices of Descartes would have been," 
i says, "a perfectly legitimate hypothesis, 
it had been possible by any mode of 
cplanation which we could entertain the 
>pe of possessing, to bring the question 
hether such vortices exist or not, within the 
sach of our observing faculties." But this 
as possible, and was done. The free pas- 
ige of comets through the spaces in which 
lese vortices should have been, convinced 
len that these vortices did not exist. In like 
lanner Mr Mill rejects the hypothesis of a 
iminiferous ether, " because it can neither be 
ien, heard, smelt, tasted, or touched." It is 
strange complaint to make of the vehicle of 
gbt, that it cannot be heard, smelt, or tasted. 
be vibrations can be seen. The fringes of 
ixadows for instance, shew its vibrations, just 
a the visible lines of waves near the shore 
iew the undulations of the sea. Whether 
us ether can be touched, that is, whether it 
asists motion, is hardly yet clear. I am far 
'om saying there are not difficulties on this 
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point, with regard to all theories which gi| 
•pose a medium. But there are no more dU 
culties of this kind in the undulatory theoiyi 
light, than there are in Fourier^'s theory! 
heat, which M. Comte adopts as a model < 
scientific investigation; or in the theory < 
voltaic currmts, about which Mr Mill appci 
to have no doubt; or of electric atmospkm 
which, though generally obsolete, Mr Mill i| 
pears to favoiu* ; for though it had been ai 
that Yfefeel such atmospheres, no one had ai 
that they have the other attributes of mattfl 
67 Mr Mill conceives (ii. 17) that hiso* 
rule concerning hypotheses coincides irH 
Newton's Eule, that the cause assumed lai 
be a vera causa. But he allows that " Mr Wb 
well • . . has had little difficulty in shewing M 
his (Newto^s) conception was neither preA 
nor consistent with itself." He also aDfli 
that " Mr Whewell is clearly right in denyi|| 
it to be necessary that the cause assigMl 
should be a cause already known ; else Ini 
could we ever become acquainted with ii* 
causes?" These points being agreed qwi 
I think that a little further consideration «i 
lead to the conviction that Newton's Bni 
of philosophizing will best become a valuab 
guide, if we understand it as asserting tk 
when the explanation of two or more differc 
kinds of phenomena (as the revolutions oft 
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Btnets, the fall of a stone, and the precession 
the equinoxes,) lead us to the same cause, 
ich a coincidence gives a reality to the 
luse. We have, in fact, in such a case, a 
onsilience of Inductions. 

58 When Mr Mill condemns me (ii. 24) 
Lsing, however, expressions of civility which 
gladly acknowledge,) for having recognized 
o mode of Induction except that of trying 
jqK>thesis after hypothesis until one is found 
liich fits the phenomena, I must beg to re- 
lind the readers of our works, that Mr Mill 
unself allows (i. S6s) that the process of find- 
ig a conception which binds together ob- 
irved facts " is tentative, that it consists of 
succession of guesses, many being rejected 
litil one at last occurs fit to be chosen." 
must remind them also that I have given 
Section upon the Tests of Hypotheses^ to 
hich I have just referred, — that I have given 
Irious methods of Induction, as the Method 
^ Gradation, the Method of Natural Classifi- 
Uion, the Method of Curves, the Method of 
feans, the Method of Least Squares, the Me- 
od of Besidues : all which I have illustrated 
1^ conspicuous examples from the History of 
2ience ; besides which, I conceive that what 
liave said of the Ideas belonging to each 
ience, and of the construction and explication 
' conceptions, will point out in each case, in 
5 
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what region we are to look for the Inductive 
Element in order to make new discoverieg. 
I have already ventured to say, elsewhere^ 
that the methods which I have given, are as 
definite and practical as any others which have 
been proposed, with the great additional ad- ^ 
vantage of being the method by which all 
great discoveries in science have really beei i^ 
made. 

59 There is one feature in the construo* 
tion of science which Mr Mill notices, bat 
to which he does not ascribe, as I conceive^ 
its due importance : I mean, that process \fj 
which we not only ascend from particular 
facts to a general law, but when this is done» 
ascend from the first general law to others 
more general ; and so on, proceeding to tbs 
highest point of generalization. This character 
of the scientific process was first clearly point* 
ed out by Bacon, and is one of the morf 
noticeable instances of his philosophical ssfft j 
city. " There are," he says, " two ways, ani 
can be only two, of seeking and finding tnift* 
The one from sense and particulars, takes • 
flight to the most general axioms, and firofl 
these principles and their truth, settled onoe 
for all, invents and judges of intermediate 
axioms. The other method collects axiooi 
from sense and particulars, ascending caniiii^ 
oualy and by degrees, so that in the end i 
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rives at the most general axioms f ^ meaning 
( cucioms, laws or principles. The structure 
* the most complete sciences consists of seve- 
il such steps, — floors, as Bacon calls them, of 
iccessive generalization ; and thus this struc- 
ire may be exhibited as a kind of scientific 
yramid. I have constructed this pyramid in. 
le case of the science of Astronomy*: {Phil, 
nd. So. B. XI. c. vi.) and I am gratified to 
nd that the illustrious Humboldt approves 
f the design, and speaks of it as executed 
ith complete success. (Cosmos, Vol. ti. Note 
5). The capability of being exhibited in this 
)rm of successive generalizations, arising from 
articulars upward to some very general law, 
I the condition of all tolerably perfect 
3iences ; and the steps of the successive ge- 
eralizations are commonly the most impor- 
mt events in the history of the science. 

60 Mr Mill does not reject this process 
f generalization; but he gives it no con- 
3icuous place, making it only one of three 
lodes of reducing a law of causation into 
bher laws. " There is," he says, (i. 555) " the 
tbsumption of one law under another ; . . . the 
athering up of several laws into one more 

• I have also, in the same place, given the Inductive 
pramid for the science of Optics. These Pyramids are 
icessarily inverted in their form, in order that, in reading 
the ordinary way, we may proceed to the vertex. 

5 — 2 



general law which includes them all." He 
adds afterwards^ that the general law is the 
sum of the partial ones (i. 557), an expression 
which appears to me inadequate, for reasons 
which I have already stated. The general 
law is not the mere sum of the particular 
laws. It is, as I have already said, their 
amount in a new point of view, A new con- 
ception is introduced; thus, Newto n did not 
merely add together the lawsoi tne motions of 
the moon and of the planets, and of the satel- 
lites, and of the earth; he looked at them 
altogether as the result of a universal force 
of mutual gravitation; and therein consisted 
his generalization. And the like might be 
pointed out in other cases. 

61 I am the more led to speak of JUr 
Mill as not having given due importance to 
this process of successive generalization, bj 
the way in which he speaks in another place 
(ii. 525) of this doctrine of Bacon. He con- 
ceives Bacon " to have been radically wrong) 
when he enunciates, as a universal rule, that 
induction should proceed from the lowest to 
the middle principles, and from those to the 
highest, never reversing that order, and c(Hh 
sequently, leaving no room for the discovery 
of new principles by way of deduction* at all* 

* The reader will probably recollect that as Inducii^ 
means the inference of general propositions from particakr 
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62 I conceive that the Inductive Table of 
stronomy, to which I have already referred, 
lews that in that science, the most complete 
hich has yet existed, the history of the 
dence has gone on, as to its general move- 
lent, in accordance with the view which 
aeon's sagacity enjoined. The successive 
eneralizations, so far as they were true, were 
lade by successive generations. I conceive 
!so that the Inductive Table of Optics shews 
le same thing ; and this, without taking for 
ranted the truth of the Undulatory Theory ; 
>r with regard to all the steps of the progress 
F the science, lower than that highest one, 
lere is, I conceive, no controversy. 

63 Also, the Science of Mechanics, al- 
lough Mr Mill more especially refers to it, 
) a case in which the highest generalizations 
or example the Laws of Motion) were those 
irliest ascertained with any scientific exact- 
3SS, will, I think, on a more careful exami- 
ition of its history, be found remarkably to 
>nfirm Bacon's view. For, in that science, 
e have, in the first place, very conspicuous 

968, Deditction means the inference by the application of 
aeral propositions to particular cases, and by combining 
ch applications; as when from the most general principles 
Greonaetry or of Mechanics, we prove some less general 
3orem ; for instance, the number of the possible regular 
ids, or the principle of vis viva. 
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examples of the vice of the method pursued 
by the ancients in flying to the highest gene- 
ralizations first; as when they made their 
false distinctions of the laws of natural and 
violent motions, and of terrestrial and celestid 
motions. Many erroneous laws of motion r 
were asserted through neglect of facts or \ 
want of experiments. And when Galileo and {i 
his school had in some measure succeeded in 3 
discovering some of the true laws of the 
motions of terrestrial bodies, they did not at 
once assert them as general : for they did not 
at all apply those laws to the celestial motions. 
As I have remarked, all Kepler's speculations 
respecting the causes of the motions of the 
planets, went upon the supposition that the 
First Law of terrestrial Motion did not apply 
to celestial bodies ; but that, on the contrary, 
some continual force was requisite to keep up, 
as well as to originate, the planetary motions. 
Nor did Descartes, though he enunciated the 
Laws of Motion with more generality than his 
predecessors, (but not with exactness,) venture 
to trust the planets to those laws ; on the con- 
trary, he invented his machinery of Vortices in 
order to keep up the motions of the heavenly 
bodies. Newton was the first who extended 
the laws of terrestrial motion to the celestial 
spaces ; and in doing so, he used all the lairs 
of the celestial motions which had previously 
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ten discovered by more limited inductions. 
o these instances, I may add the gradual 
sneralization of the third Law of motion by 
[uyghens, the Bernoullis, and Herman, which 
have described in the History (B. vi. c. v.) as 
receding that Period of Deduction, to which 
le succeeding narrative (c. vi.) is appropri- 
fced. In Mechanics, then, we have a cardinal 
Kample of the historically gradual and suc- 
essive ascent of science from particulars to 
lie most general laws. 

64 The Science of Hydrostatics may 
ppear to offer a more favourable example of 
^e ascent to the most general laws, without 
oing through the intermediate particular laws ; 
nd it is true, with reference to this science, 
s I have observed (Hist. B. vi. c. vi. sect. 13), 
liat it does exhibit the peculiarity of our pos- 
essing the most general principles on which 
hie phenomena depend, and from which many 
ases of special facts are explained by deduc- 
ion; while other cases cannot be so explained, 
rem the want of principles intermediate be- 
ween the highest and the lowest. And I 
ave assigned, as the reason of this peculiarity, 
dat the general principles of the Mechanics 
f Fluids were not obtained with reference to 
le science itself, but by extension from the 
ster science of the Mechanics of Solids. The 
jiro sciences are parts of the same Inductive 
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Pyramid ; and having reached the summit rf 
this Pyramid on one side, we are tempted to 
descend on the other from the highest gene* 
rality to more narrow laws. Yet even in thi 
science, the best part of our knowledge k 
mainly composed of inductive laws, obtained 
by inductive examination of particular classes !c 
of facts. The mere mathematical investiga^ ii 
tions of the laws of waves, for instance, hare 
not led to any results so valuable as the n 
experimental researches of Bremontier, Emy, 
the Webers, and Mr Scott Eussell. And in 
like manner in Acoustics, the Mechanics of 
Elastic Fluids, {Hist. Ind. Sc. B. viii.), the de- 
ductions of mathematicians made on geneni 
principles have not done so much for our 
knowledge, as the cases of vibrations of plates 
and pipes examined experimentally by Chla- 
dni, Savart, Mr Wheatstone and Mr WilliSi 
We see therefore, even in these sciences, no 
reason to slight the wisdom which exhorts us 
to ascend from particulars to intermediate 
laws, rather than to hope to deduce these lat- 
ter better from the more general laws obtained 
once for all. 

65 Mr Mill himself indeed, notwithstanding 
that he slights Bacon's injunction to seek 
knowledge by proceeding from less general to 
more general laws, has given a very good 
reason why this is commonly necessary and 
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Lse. He says (ii. 526\ " Before we attempt 

> explain deductively, from more general 
ws, any new class of phenomena, it is de- 
rable to have gone as far as is practicable in 
jcertaining the empirical laws of these phe- 
omena ; so as to compare the results of 
eduction, not with one individual instance 
Rer another, but with general propositions 
Kpressive of the points of agreement which 
ave been found among many instances. For," 
e adds with great justice, " if Newton had 
een obliged to verify the theory of gravi- 
ition, not by deducing from it Kepler'^s laws, 
ut by deducing all the observed planetary 
Dsitions which had served Kepler to establish 
lose laws, the Newtonian theory would pro- 
ftbly never have emerged from the state of an 
ypothesis." To which we may add, that it is 
3rtain, from the history of the subject, that 
I that case the hypothesis would never have 
een framed at all. 

66 Mr Mill expresses a hope of the effi- 
icy of Deduction, rather than Induction, in 
romoting the future progress of Science; 
hich hope, so far as the physical sciences are 
>ncemed, appears to me at variance with all 
le lessons of the history of those sciences. 
e says (i. 579), " that the advances henceforth 

► be expected even in physical, and still more 
mental and social science, will be chiefly the 
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result of deduction, is evident from the 
ral considerations already adduced:" the» 
considerations being, that the phenomena to ba 
considered are very complex, and are the re4 
suit of many known causes, of which we haveq 
to disentangle the results. 

67 I cannot but take a very different 
view from this. I think that any one, lookiDj n 
at the state of physical science, will see tbi 
there are still a vast mass of cases, in whwk 
we do not at all know the causes, at least, il 
their full generality ; and that the knowledge 
of new causes, and the generalization of tht 
laws of those already known, can only br 
obtained by new inductive discoveries. Ei* 
cept by new Inductions, equal, in their efficacy 
for grouping together phenomena in nef 
points of view, to any which have yet beci 
performed in the history of science, how are 
we to solve such questions as those which, « 
the survey of what we already know, force 
themselves upon our minds. Such as, to take 
only a few of the most obvious examples— 
What is the nature of the connexion of h&t 
and light? How does heat produce the 
expansion, liquefaction and vaporization d 
bodies? What is the nature of the con- 
nexion between the optical and the chemicil 
properties of light? What is the relatioi 
between optical, crystalline and chemical po^ 
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jfity ? What is the connexion between the 
bomic constitution and the physical qualities 
P bodies ? What is the tenable definition of 
mineral species ? What is the true relation 
Fthe apparently different types of vegetable 
fe (monocotyledons, dicotyledons, and crypto- 
Bwnous plants) ? What is the relation of the 
sftrious types of animal life (vertebrates, arti- 
i^lates, radiates, &c.)? What is the number, and 
rtat are the distinctions of the Vital Powers ? 
Vhat is the internal constitution of the earth? 
These, and many other questions of equal 
Oiterest, no one, I suppose, expects to see 
olved by deduction from principles already 
aown. But we can, in many of them, see 
''€)od hope of progress by a large use of in- 
duction; including, of course, copious and 
«reful experiments and observations. 

68 With such questions before us, as have 
tow been suggested, I can see nothing but a 
dost mischievous narrowing of the field and 
'Hfeebling of the spirit of scientific exertion, 
Ci the doctrine that " Deduction is the great 
^lentific work of the present and of future 
i^es;" and that "A revolution is peaceably 
-nd progressively effecting itself in philosophy 
lie reverse of that to which Bacon has at- 
mched his name." I trust, on the contrary, 
liat we have yet many new laws of nature 
^till to discover ; and that our race is destined 
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to obtain a sight of wider truths than any 
yet discern, including, as cases, the gene 
laws we now know, and obtained from thi 
known laws as they must be, by Induction. 
69 I can see, however, reasons for 
comparatively greater favour with which 
Mill looks upon Deduction, in the views 
which he has mainly directed his attenti 
The explanation of remarkable phenomena 
known laws of Nature, has, as I have alrei 
said, a greater charm for many minds tl 
the discovery of the laws themselves. In 
case of such explanations, the problem j 
posed is more definite, and the solution m 
obviously complete. For the process of ind 
tion includes a mysterious step, by which 
pass from particulars to generals, of which s 
the reason always seems to be inadequately i 
dered by any words which we can use ; j 
this step to most minds is not demonstrat 
as to few is it given to perform it on a gi 
scale. But the process of explanation of fi 
by known laws is deductive, and has at es 
step a force like that of demonstration, ] 
ducing a feeling peculiarly gratifying to 
clear intellects which are most capable of 
lowing the process. We may often see instar 
in which this admiration for deductive « 
appears in an extravagant measure; as w 
men compare Laplace with Newton. 
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liould I think it my business to argue against 
ttch a preference, except it were likely to 
eave us too well satisfied with what we know 
Jready, to chill our hope of scientific progress, 
Laid to prevent our making any further stre- 
nuous efforts to ascend, higher than we have 
^t done, the mountain-chain which limits 
uiman knowledge. 

70 But there is another reason which, I 
sonceive, operates in leading Mr Mill to look 
io Deduction as the principal means of future 
irogress in knowledge, and which is a reason 
if considerable weight, in the subjects of re- 
learch which, as I conceive, he mainly has 
in view. In the study of our own minds and 
if the laws which govern the history of society, 
[ do not think that it is very likely that we 
ihall hereafter arrive at any wider principles 
9ian those of which we already possess some 
sonsiderable knowledge ; and this, for a special 
reason; namely, that our knowledge in such 
2ases is not gathered by mere external obser- 
vation of a collection of external facts; but 
icquired by attention to internal facts, our 
3wn emotions, thoughts, and springs of action ; 
hcts which are connected by ties existing in 
>ur own consciousness, and not in mere ob- 
lerved juxta-position, succession, or similitude. 
How the character, for instance, is influenced 
1^ various causes, (an example to which Mr 
liiU repeatedly refers, ii. 518, &c.)> is an enquiry 
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which may perhaps be best conducted bj 
sidering what we know of the influeiK 
education and habit, government and oc 
tion, hope and fear, vanity and pride, an 
like, upon men's characters, and by tr 
the various effects of the intermixture oi 
influences. Yet even here, there seems 
room for the discovery of laws in the yi 
experimental inquiry : for instance, what 
race or family has in the formation of el 
ter; a question which can hardly be s 
to any purpose in any other way tha 
collecting and classing instances. And i 
same way, many of the principles which 
late the material wealth of states, are obtf 
if not exclusively, at least most clearlj 
securely, by induction from large surve 
facts. Still, however, I am quite ready to i 
that in Mental and Social Science, we are : 
less likely than in Physical Science, to c 
new truths by any process which can h 
tinctively termed Induction; and that in 
sciences, what may be called Deductions 
principles of thought and action of whi 
are already conscious, or to which we i 
when they are felicitously picked out c 
thoughts and put into words, must have a 
share ; and I may add, that this observat 
Mr Mill appears to me to be important 
in its present connexion, new. 

71 I have made nearly all the re 
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lich I now think it of any consequence to 
ake upon Mr Mill's Logic, so far as it bears 
►on the doctrines contained in my Hi8t(yry 
id Philosophy, And yet there remains still 
itouched one great question, involving pro- 
.bly the widest of all the differences between 
m and me. I mean the question whether 
jometrical axioms (and, as similar in their 
idence to these, all axioms) be truths derived 
om experience, or be necessary truths in some 
2eper sense. This is one of the fundamental 
lestions of philosophy ; and all persons who 
ke an interest in metaphysical discussions, 
low that the two opposite opinions have been 
Etintained with great zeal in all ages of spe- 
lation. To me it appears that there are two 
atinct elements in our knowledge, Experi- 
Lce, without, and the Mind, within. Mr Mill 
'lives all our knowledge from Experience 
one. In a question thus going to the root of 
I knowledge, the opposite arguments must 
ieds cut deep on both sides. Mr Mill cannot 
eny that oiur knowledge of geometrical axioms 
ad the Uke, seems to be necessary. I cannot 
eny that our knowledge, axiomatic as well as 
ther, never is acquired without experience. 

72 Perhaps ordinary readers may despair 
f following our reasonings, when they find that 
ley can only be made intelligible by suppos- 
[g, on the one hand, a person who thinks dis- 
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tinctly, and yet has never seen or felt any 
ternal object; and on the other hand, a per 
who is transferred, as Mr Mill supposes (ii. 1 
to " distant parts of the stellar regions wl 
the phenomena may be entirely unlike tt 
with which we are acquainted," and where c 
the axiom, that every eflTect must have a ca 
does not hold good. Nor, in truth, do I til 
it necessary here to spend many words 
this subject. Probably, for those who 1 
an interest in this discussion, most of 
arguments on each side have already been 
forwards with sufficient repetition. I 1 
in an " Essay on the Fundamental Antitl 
of Philosophy," and in some accompan 
" Eemarks," printed at the end of the se( 
edition of my Philosophy^ given my repi; 
what has been said on this subject, boti 
Mr Mill, and by the author of a very 
critique on my History and Philosophy w 
appeared in the Quarterly Review in II 
and I wiU not here attempt to revive 
general discussion. 

73 Perhaps I may be allowed to no 
that in one part of Mr Mill's work where 
subject is treated, there is the appearanc 
one of the parties to the controversy 
nouncing judgment in his own cause. ' 
indeed is a temptation which it is espec 
difficult for an author to resist, who writ 
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atise upon Fallacies, the subject of Mr Mill's 
b Book. In such a treatise, the writer has 
easy way of disposing of adverse opinions 
classing them as '* Fallacies," and putting 
im side by side with opinions universally 
:nowledged to be false. In this way, Mr 
U has dealt with several points which are 
1, as I conceive, matters of controversy, 
357, &c.). 

74 But undoubtedly, Mr Mill has given 
argument against my opinions with great 
binctness in another place (i. 319). In order 
shew that it is merely habitual association 
ch gives to an experimental truth the 
.racter of a necessary truth, he quotes the 
e of the laws of motion, which were really 
30vered from experiment, but are now 
ked upon as the only conceivable laws; 
I especially, what he conceives as '' the re* 
tio ad abswrdum of the theory of inconceiv^ 
Bness," an opinion which I had ventured to 
3W out, that if we could conceive the Com-^ 
ition of bodies distinctly, we might be able 
see that it is necessary that the modes of 
ir composition should be definite. I do not 
ik that readers in general will see anything 
iird in the opinion, that the laws of Mecha- 
\y and even the laws of the chemical Com- 
ition of bodies, may depend upon princi- 
\ as necessary as the properties of space 
6 
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and number; and that this necessity, 

not at all perceived by persons wl 

only the ordinary obscure and confused 

on such subjects, may be evident to 

which has, by eflfort and discipline, n 

its ideas of Mechanical Causation^ Elei 

Composition and Difference of Kin* 

and precise. It may easily be, I e 

that while such necessary principles t 

ceived to be necessary only by a fe 

of highly cultivated insight, such princ 

the axioms of Geometry and Arithme 

be perceived to be necessary by al 

which have any habit of abstract tho 

all: and I conceive also, that thoug 

axioms are brought into distinct \ 

^ fa certain degree of intellectual cul 

I ;they may still be much better desci 

' [conditions of experience, than as n 

\ I experience : — as laws of the mind an< 

/ activity, rather than as facts impress^ 

i a mind merely passive, 

75 I will not pursue the subject 
only, as the question has arisen respec 
absurdities to which each of the 
doctrines leads, I will point out opini 
nected with this subject, which Mr 
stated in various parts of his book. 

He holds (i. 317) that it is mer< 
habit that we are unable to conceive 
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nnt of space or the l<z8t instant of time. He 
>lds (ii. 360) that it is strange that any one 
lould rely upon the a priori evidence that 
)ace or extension is infinite, or that nothing 
in be made of nothing. He holds (i. 304) 
lat the first law of motion is rigorously true, 
it that the axioms respecting the lever are 
ily approximately true. He holds (ii. 110) 
lat there may be sidereal firmaments in 
liich events succeed each other at random, 
ithout obeying any laws of causation; al- 
Lough one might suppose that even if space 
id cause are both to have their limits, still 
ley might terminate together: and then, 
'en on this bold supposition, we should no 
here have a world in which events were 
istuiL He holds (ii. ill) that the axiom, that 
rery event must have a cause, is established 
f means of an *' induction by simple enume- 
ttion:" and in like manner, that the prin- 
ples of number and of geometry are proved 
f this method of simple enumeration alone. 
[e ascribes the proof (i. 162) of the axiom, 
ihings which are equal to the same are equal 
It each other," to the fact that this proposi- 
on has been perpetually ybuncJ true and never 
Ise. He holds (i. 338) that " In all proposi- 
tus concerning numbers, a condition is im- 
led, without which none of them would be 
lie; and that condition is an aie^umption 
hlch may be false. The condition is that 1 = T." 
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76 Mr Mill further holds (i. 309), that it id 
a characteristic property of geometrical fonofl^ 
that they are capable of being painted in tke 
imagination with a distinctness equal to real- 
ity : — ^that our ideas of forms exactly resemble 
our sensations ; which, it is implicnl, is not the 
case with regard to any other class of our 
ideas ; — ^that we thus may have mental pictures 
of all possible combinations of lines and angles, 
which are as fit subjects of " geometrical ex- 
perimentation" as the realities themselves. He 
says, that *' we know that the imaginary lines 
exactly resemble real ones ;" and that we ob- 
tain this knowledge respecting the characte^ 
istic property of the idea of space by experi- 
ence ; though it does not appear how we can 
compare our ideas with the realities^ since we 
know the realities only hy our ideas ; or why 
this property of their resemblance should be 
confined to (ynje class of ideas alone. 

77 I have now made such remarks as 
appear to me to be necessary, on the most im- 
portant parts of Mr Mill's criticism of my P\ir 
hsophy. I hope I have avoided urging any 
thing in a contentious manner ; as I have cer- 
tainly written with no desire for controveray, 
but only with a view to oflTer to those who may 
be willing to receive it, some explanation of po^ 
tions of my previous writings. I have already 
said, that if this had not been my espe- 
cial object, I could with pleasure have noted 
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the passages of Mr Moll's Logic which I ad- 
inire, rather than the points in which we diflTer. 
I will in a very few words refer to some of 
these points, as the most agreeable way of 
taking leave of the dispute. 

I say then that Mr Mill appears to me 
especially instructive in his discussion of the 
nature of the proof which is conveyed by the 
syllogism ; and that his doctrine, that the force 
of the syllogism consists in an w^ ^tive asser- 
tiM^^^dth an int e r y v etatw n added t Ou M, solves 
rery happily the difficulties which baffle the 
Dther theories of this subject. I think that this 
dloctrine of his is made still more instructive, by 
his excepting from it the cases of Scriptural 
Theology and of Positive Law (i. 260), as cases 
in which general propositions, not particular 
^ts, are our original data. I consider also 
bhat the recognition oi Kinds (i. 166) as classes 
.n which we have, not a finite but an inexhaust- 
ible body of resemblances among individuals, 
ftnd as groups made by nature, not by mere 
:3efinition, is very valuable, as stopping the 
inroad to an endless train of false philosophy. 
t conceive that he takes the right ground in 
lis answer to Hume's argument against mira- 
des (ii. 183) : and I admire the acuteness with 
vrhich he has criticized Laplace's tenets on the 
Doctrine of Chances, and the candour with 
Pffaich he has, in the second edition, acknow- 
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ledged oversights on this subject made ii 
first. I think that much, I may almost sa; 
which he says on the subject of Langi 
is very philosophical; for instance, wha 
says (ii. 238) of the way in which words ac( 
their meaning in common use. I espec 
admire the acuteness and force with whic 
has shewn (iL 255) how moral principleg 
pressed in words degenerate into form 
and yet how the formula cannot be rej€ 
without a moral loss. This '' perpetual ( 
lation in spiritual truths," as he happily t 
it, has never, I think, been noted in the i 
broad manner, and is a subject of mos 
structive contemplation. And though I 
myself refrained from associating moral 
political with physical science in my stu( 
the subject, I see a great deal which is fi 
promise for the future progress of moral 
political knowledge in Mr MilFs sixth I 
" On the Logic of the Moral and Pol 
Sciences^" Even his arrangement of the va 
methods which have been or may be foll< 
in "the Social Science," — "the Chemiw 
Experimental Method," "the Geometric 
Abstract Method," "the Physical or Con 
Deductive Method," " the Inverse Dedu 
or Historical Method," though in some d( 
fanciful and forced, abounds with vali 
suggestions ; and his estimate of " the iaU 
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.ng phUosophy of the Bentham school," the 
nain example of "the geometrical method," is 
nteresting and philosophical. On some future 
occasion, I may, perhaps, venture into the re- 
g^on of which Mr Mill has thus essayed to map 
bhe high ways : for it is from no despair either 
of the great progress to be made in such truth 
ms that here referred to, or of the effect of 
philosophical method in arriving at such truth, 
bfaat I have, in what I have now written, con- 
fined myself to the less captivating but more 
definite part of the subject. 

a C, Jwie 27, 1849. 



THE END. 
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